Abstract. Renewable energy sources contribute considerable amounts of energy when natural phenomena are converted into useful forms of energy. Solar energy, i.e. renewable energy, is converted to electricity by photovoltaic systems (PV). This study was aimed at investigating the possibility of combining PV with Heat Pump (HP) (PV-HP system). HP uses direct electricity to produce heat. In order to increase the sustainability and efficiency of the system, the required electricity for the HP was supposed to be produced by solar energy via PV. For this purpose a newly-built semi-detached building equipped with exhaust air heat pump and low temperature-heating system was chosen in Stockholm, Sweden. The heat pump provides heat for Domestic Hot Water (DHW) consumption and space heating. Since selling the overproduction of PV to the grid is not yet an option in Sweden, the PV should be designed to avoid overproduction. During the summer, the HP uses electricity only to supply DHW. Hence, the PV should be designed to balance the production and consumption during the summer months. In this study two simulation programs were used: IDA Indoor Climate and Energy (ICE) as a building energy simulation tool to calculate the energy consumption of the building, and the simulation program WINSUN to estimate the output of the PV. Simulation showed that a 7.3 m 2 PV area with 15 % efficiency produces nearly the whole electricity demand of the HP for DHW during summer time. As a result, the contribution of free solar energy in producing heat through 7.3 m 2 fixed PV with 23º tilt is 17 % of the annual heat pump consumption. This energy supports 51 % of the total DHW demand.
Introduction
Due to the scarcity of fossil fuel sources and their environmental impact, renewable energy has become an increasingly important topic over the past decades. On a global scale renewable energy sources only contribute less than 15 % (Lund 2007) to the primary energy supply; however, during the last few decades this percentage has increased considerably in some countries. Energy from solar radiation can be obtained in two ways, passively and actively. Passive solar design is based on the optimal design of a building's shape leading to the capture of as much solar radiation as possible for space heating. Active solar design is based on converting solar radiation into energy by using solar thermal collectors or photovoltaics. Photovoltaics (PV) convert sunlight into electric power by a solid-state device called solar cells. The common PV module converts 15-20 % (Tyagia et al. 2012 ) of the incoming solar radiation into electric energy, depending on the type of solar cells. Our total present energy demand can be supplied if 0.1 % of the earth's surface were covered with solar cells with 10 % efficiency (Tyagia et al. 2012) . Solar thermal collectors convert solar radiation into thermal energy through a transport medium, liquid or gaseous. Solar cells are more efficient than solar thermal collectors, since they are performing during the winter months at low irradiation with constant efficiency while the solar collector has very low efficiency during hours of low intensity due to a high heat loss (Gajbert 2008) .
The electricity generated by PV could be utilised by a heat pump to produce heat. Depending on the Coefficient of Performance (COP) of the heat pump, the energy required for space heating and Domestic Hot Water (DHW) may be decreased by a factor of the COP. The outputs of 1 m 2 of plane solar collector delivering hot water at 50 °C and 1 m² of PV modules of 15 % efficiency in combination with a heat pump with COP 3.2 in Stockholm were compared using the WINSUN program, see Figure 1 . It can be seen that the combination of the PV module and the heat-pump (PV-HP system) has a higher annual output than the solar thermal collector. During winter time (low temperature and low irradiance) the solar collector has zero efficiency due to high heat loss. The heat loss of the solar collector is dependent on the collector efficiency factor (F´), heat loss coefficient from absorber to ambient (U L ,W/m 2 K) and temperature difference between ambient temperature (T a ) and collector temperature (T c ), Equation 1 (Duffie and Beckman 1991). PV is usable year round performing even at low intensity since it works on light not heat. In the summer time both the solar collector and PV have good characteristics. As a result, a PV-HP system is more efficient since it provides a higher annual solar fraction in comparison with a solar thermal collector system. Solar fraction (SF) gives the fraction of energy provided by solar energy to an annual heating demand. SF varies between 0 when no energy is supplied by solar energy to 1 when all required energy is supplied by solar technology.
The present paper points to the possibility of combining PV with heat pump in an actual building equipped with an exhaust air heat pump in Stockholm. For this purpose a Building Energy Simulation (BES) program, IDA Indoor Climate and Energy (ICE) was used to calculate the energy demand in the building. Then, using the System Simulation Program (SSP) WINSUN the output of PV with 15 % efficiency was calculated to produce the electricity for the HP. Since there is yet no regulation in
